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ABSTRACT: He atom scattering has been demonstrated
to be a sensitive probe of the electron-phonon interac-
tion parameter λ at metal and metal-overlayer surfaces.
Here it is shown that the theory linking λ to the ther-
mal attenuation of atom scattering spectra (the Debye-
Waller factor), can be applied to topological semimetal
surfaces, like the quasi-one dimensional charge-density-
wave system Bi(114) and the layered pnictogen chalco-
genides.
K
nowledge of the electron-phonon (e-ph) interaction
at conducting surfaces and the specific role of di-
mensionality are of great relevance both from a funda-
mental point of view as well as for various applications,
such as two-dimensional (2D)1 and quasi-1D supercon-
ductivity2 in nanotechnology. Similarly, the e-ph inter-
action plays a relevant role in other transport proper-
ties, e.g., thermoelectricity, in low-dimensional systems
like layered Bi and Sb chalcogenides,3 and in quasi-
crystalline materials which are often viewed as periodic
solids in higher dimensions.4
In a series of recent experimental and theoretical
works, it was shown that the e-ph coupling constants
for individual phonons λQ,ν , as well as their average
λ (also known as mass-enhancement parameter or fac-
tor),5–7 can be measured directly with He-atom scat-
tering (HAS).8–12 In particular, the study of multilayer
metallic structures8,11 has shown that HAS can detect
subsurface phonons as deep as those that contribute
to the e-ph interaction. For example, HAS can detect
phonons spanning as many as 10 atomic layers in Pb
films8,9 (known as the quantum sonar effect), thus pro-
viding the individual λQ,ν values for phonons which pro-
vide the dominant contributions to λ. The values of λ
are obtained directly from the temperature dependence
of the HAS Debye-Waller (DW) exponent, and the inter-
action range can be assessed from the number of layers,
nsat, above which the measured λ becomes thickness-
independent. In that analysis, the conducting surface
region of a 3D material could be viewed as a stack of
(interacting) 2D electron gases (2DEGs), allowing for
the simpler formalism characterizing the 2DEG.11 Due
to the appreciable depth explored by the e-ph inter-
action, the values of λ obtained from HAS (hereafter
called λHAS) generally are close to the most reliable
values found in the literature,10,11 thus allowing one to
assess the validity of the new method.
In this work we investigate the specific role of dimen-
sionality in the e-ph mass-enhancement factor λHAS as
derived from HAS. The method is shown to be par-
ticularly suitable for different classes of conducting 2D
materials, such as layered chalcogenides, topological in-
sulators, and systems characterized by a quasi-1D free
electron gas, including Bi(114). The present analysis
shows that the charge density wave (CDW) transition
in Bi(114), recently observed with HAS,13 is sustained
by multi-valley e-ph interaction with a pronounced 1D
character. In the case of topological materials, the
present analysis of previous HAS data on Bi2Te3(111)
14
and Bi2Se3(111)
15 as well as new experimental data on
Bi2Te2Se(111) indicates the overwhelming contribution
to λHAS from the surface quantum well states as com-
pared to that of the Dirac states.
The DW factor describes the attenuation due to the
thermal atomic motion of the elastically scattered in-
tensity I(T ) observed at temperature T , with respect
1
to the elastic intensity of the corresponding rigid sur-
face I0. It is a multiplicative factor usually written as
an exponential function, exp{−2W (kf ,ki, T )}, of the fi-
nal (kf ) and incident (ki) wavevectors of the scattered
atom, i.e.,
I(T ) = I0e
−2W (T ) , (1)
where it is implicit that all quantities in Eq. (1) depend
on the scattering wavevectors (kf ,ki). For a two-body
collision model, where the incident atom directly inter-
acts with the surface target, the DW exponent is sim-
ply expressed by 2W (kf ,ki, T ) =
〈
(∆k · u)2〉
T
, where
∆k = (kf −ki) is the scattering vector, u is the phonon
displacement experienced by the projectile atom upon
collision, and 〈· · ·〉T indicates a thermal average. How-
ever, atoms incident on a conducting surface with ener-
gies generally well below 100 meV are scattered exclu-
sively by the surface free-electron density, a few A˚ away
from the first atomic layer, so that the exchange of en-
ergy with the phonon gas only occurs via the phonon-
induced modulation of the surface free-electron gas, i.e.,
via the e-ph interaction. Therefore, it is logical that
2W (kf ,ki, T ), which originates from the integrated ac-
tion of all phonons weighted by their respective Bose
factors, turns out to be directly proportional, under rea-
sonable approximations, to the mass-enhancement fac-
tor λ.
The expression of λHAS derived in Ref.
10,16 for a 3D
free-electron gas is readily extended to any dimension
d:
λ
(d)
HAS = −
φγd
(kF r0)d
k2F
k2iz
∂ ln{I (T )}
kB ∂T
, (2)
where r0 is a lattice distance (r
2
0 ≡ Ac for the surface
unit cell area in 2D, r30 ≡ Vc the unit cell volume in 3D),
φ the workfunction, kF the Fermi wavevector, kiz is the
perpendicular component of the incident wave vector,
kB is the Boltzmann constant, I(T ) is the diffraction
peak intensity, and γd ≡ 2d−1 pid/2 Γ
(
d
2
)
,17 with Γ the
Gamma-function. As mentioned above and discussed in
Ref.11 , the 3DEG of a thick slab can be viewed as a
pile of nsat 2DEGs, where nsat is the number above the
one at which HAS reflectivity becomes independent of
thickness. This yields the definition nsat = c
∗kF⊥/pi,
where kF⊥ is the Fermi wavevector normal to the sur-
face and c∗ is the e-ph interaction range normal to the
surface, i.e., the maximum depth beneath the surface
from where phonon displacements can modulate the sur-
face charge density. Note that pi/kF⊥ is the wavelength
of a Fermi-level charge density cos2 kF⊥z, i.e., the nom-
inal thickness of a single 2DEG.
In this way the 2D expression of the e-ph coupling
constant for a three-dimensional crystal is obtained,11
which is reproduced here for the special case of mea-
surements at the specular condition:
λ
(2D)
HAS =
pi
2nsat
α, α ≡ − φ
Ack2iz
∂ ln{I(T )}
kB∂T
. (3)
When applying Eq. (3), it is important to distin-
guish between metallic surfaces, which present to the
He atoms a soft repulsive potential plus a weak long-
range attractive well, and layered semimetal surfaces,
where the free electron gas is protected by an anion
surface layer that results in a hard-wall potential plus
a comparatively deep attractive van der Waals poten-
tial. In the latter case, k2iz needs to be corrected due to
the acceleration that the He atom undergoes when en-
tering the attractive well, before being repelled by the
hard wall (Beeby correction18). This is made with the
substitution k2iz −→ k2iz + 2mD/~2, where m is the He
atom mass and D is the attractive potential depth (gen-
erally derived from He-surface bound-state resonances).
In many experiments, the incident energy Ei is gener-
ally much larger than D, so the Beeby correction may
be neglected, but not, for example, in 3He spin-echo
experiments, where Ei is low and comparable to D.
19
Low-dimensional free electron gases are often char-
acterized by a CDW instability below a critical tem-
perature Tc, generally induced by e-ph interaction via
the Fro¨hlich-Peierls20,21 or the Kelly-Falicov multival-
ley mechanisms;22–24 the former typically applying to
metal surfaces with a CDW wavevector correspond-
ing to some nesting wavevector at the Fermi contours,
the latter more appropriate to semimetal surfaces with
pocket states at the Fermi level.25 The phonon-induced
transitions between narrow pockets (nests) realize what
is meant as perfect nesting. Since He atoms scattered
from a conducting surface probe the surface charge den-
sity directly, the occurrence of a CDW below Tc yields
additional T -dependent diffraction peaks in the elastic
scattering angular distribution at parallel wavevector
transfers ∆K = |∆K| equal or close to the nesting
vectors Qc (i.e., Qc = 2kF for the 1D Peierls mecha-
nism). It should be noted that the high sensitivity of
HAS permits the detection of weak surface CDWs that
are difficult to detect with other methods. An interest-
ing question is whether the temperature dependence of
the CDW diffraction peaks carries additional informa-
tion on the e-ph interaction which sustains the CDW
transition.
When considering the temperature dependence of a
diffraction peak intensity for a wavevector transfer ∆K
equal to either a G-vector of the unreconstructed sur-
face lattice (∆K = G), or to a CDW wavevector Qc,
the DW exponent also involves the longitudinal mean-
square phonon displacement. For an isotropic mean-
square displacement, Eq. (2) also can be applied to
diffraction peaks by replacing 4k2iz with ∆k
2
z+∆K
2, cal-
culated at the actual scattering geometry at which the
diffraction peak is observed. In most HAS experiments
the condition ∆K2 << ∆k2z holds, so little difference is
expected between the T -dependence of the diffraction
and specular peaks, provided λHAS is independent, as
it should be, of the scattering channel chosen in the
experiment.
There is, however, a caveat for the use of a CDW
diffraction intensity ICDW (T ). In Eq. (1) it has been
assumed implicitly that W (T ) includes all the temper-
2
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Figure 1: a) The Bi(114) surface is characterized by parallel atomic rows due to a (1 × 2) surface reconstruction
as visualised in STM images26a. b) A side view of the ideal (114) truncation of bismuth (including the red dashed
circles) and the actual (1 × 2) surface reconstruction (circles removed), giving rise to the parallel atomic rows with
an inter-row distance of 28.4 A˚ and an interatomic distance of 4.54 A˚. The corresponding (1×2) electronic structure
c) is schematically represented as a folding of the calculated electronic structure26a for the truncated Bi(114) (1×1)
surface, with the corresponding surface BZ shown in d). In particular, the cones of electronic states occurring at
the Fermi level at the X and Y symmetry points turn out to be aligned in the ΓX direction after the (1×2) folding
[panel d)]. It allows for a multivalley 1D CDW instability along the rows leading to a (2×2) dimerization below
≈ 280 K and a corresponding CDW observed with HAS.13 The (2×2) surface portion reproduced in a)26 shows a
pi-dephasing of two adjacent rows so as to give a rhombohedric cell, with the corresponding BZ shown in d).
ahttps://doi.org/10.1103/PhysRevLett.102.096802, reproduced with permission, copyright 2009 by the American Physical Society
ature dependence of I(T ) and that this originates ex-
clusively from thermal vibrations. This is clearly not
true for the diffraction from a surface CDW which
forms below Tc from a Fermi surface instability and
has the temperature-dependent population of electron
states near the Fermi level according to Fermi statistics.
In this case I0 has an implicit dependence on T , which
generally is negligible with respect to that of W (T ), ex-
cept near Tc: here its square root
√
I0 works as an order
parameter,27,28 and vanishes for increasing T → Tc as
(1−T/Tc)β , where β is the order-parameter critical ex-
ponent (typically β = 1/3,13,29–31 while Tc ≈ 280 K in
the present case13).
As a good 1DEG example, it is shown that a CDW
diffraction peak also may be used to extract λHAS away
from the critical region. The ideal (114) truncation of
bismuth (Figure 1) is characterized by parallel atomic
rows along the x ≡ [110] direction, separated by 7.1 A˚ in
the normal direction y ≡ [221], with a unit cell includ-
ing two rows (b = 14.2 A˚) and one atom per row (atom
spacing along the rows a = 4.54 A˚). At room temper-
ature, the Bi(114) surface is reconstructed in a (1 × 2)
fashion with 3 missing rows out of 4, so as to have one
row per unit cell (b = 28.4 A˚) and one atom per row
[Figure 1a) and b)]. The electronic structure, calculated
by Wells et al.26 for the (1× 1) phase [Figure 1c), left],
shows cones centered at the X and Y points [Figure 1c)
and d)] at the Fermi level. Those at Y are folded into
Γ in the (1 × 2) reconstructed phase. Both electronic
structures allow for a multivalley CDW via e-ph inter-
action, the former with a 2D character, the latter with a
pure 1D character due to the cone alignment along ΓX
with a G/2 spacing. HAS angular distributions along
ΓX13 [Figure 2a)] show the growth of additional peaks
at ±G/2 and ±3G/2 below T ≈ 280 K, indicating the
formation of a surface commensurate CDW.13 The as-
sociated (2 × 2) reconstruction consists of a dimerisa-
tion along the rows. The portion of the Bi(114)-(2× 2)
STM image reproduced in Figure 1b) from Hofmann et
al.13,32 suggests a phase correlation between rows, giv-
ing an oblique (2 × 2) unit cell and a corresponding
elongated hexagonal Brillouin zone (BZ) [Figure 1d)].
The HAS DW exponents for the specular G = (0, 0),
diffraction G = (1, 0), and CDW (− 3/2, 0) peaks mea-
sured as a function of temperature below Tc are plotted
in Figure 2b). The specular and diffraction DW ex-
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Figure 2: Helium atom scattering data from Bi(114): a) HAS angular distributions for several different temperatures,
ranging from 113 to 273 K as marked, showing both diffraction peaks of the (2×1) reconstruction and the appearance
of the CDW feature according to a (2 × 2) superstructure. b) The temperature dependence of the (− 3/2, 0) CDW
peak (left ordinate scale) and of the (0, 0) (specular) and (1, 0) (diffraction) peak DW exponents referred to the
lowest temperature measured, T = 113 K. c) The DW exponents of the Bi(114) and Bi(111) specular peaks, when
divided by the respective squared perpendicular wavevector transfers, show similar slopes but lead to different e-ph
coupling strengths.
ponents have almost the same slopes, the small differ-
ence being compensated by the ratio (∆k2iz)(0,0)/[∆k
2
z+
∆K2](1,0), resulting in the same values of λ
1D
HAS within
less than 1%. The input data in Eq. (2) for d = 1 are
φ = 4.23 eV,33 2kF = G/2 = 0.7 A˚
−1, r0(2 × 2) =
9.08 A˚, incident energy Ei = 14.5 meV, and fixed scat-
tering angle of 91.5◦, so (∆k2iz)(0,0) = 54.3 A˚
−2. The
(1, 0) diffraction occurs at the incident angle of 51.2◦,
which gives (∆k2iz)(1,0) = 53.8 A˚
−2, and the resulting
e-ph coupling constant is λ1DHAS = 0.45±0.03, being the
same value for both specular and diffractive channels.
The CDW ( − 3/2, 0) peak intensity, Figure 2b), shows
the expected critical behavior with β ∼= 1/3, so that a
value of λ1DHAS can only be estimated from the slope at
the lowest temperatures. This is smaller than that for
the specular peak by ∼ 5% and is compensated for ap-
proximately the same amount by the correcting factor
(∆k2iz)(0,0)/[∆k
2
z+∆K
2](3/2,0) = 1.047, the incident an-
gle for the CDW peak at ( − 3/2, 0) being 62.75◦. Thus it
is reasonable to conclude that consistent values of λ1DHAS
can be extracted from the T -dependence of the CDW
peaks.
It is interesting to compare the value λ1DHAS = 0.45
for Bi(114) to that previously derived for Bi(111), ei-
ther treated as a 3D system where λ3DHAS = 0.57,
10 in
agreement with the value of λ = 0.60 in Hofmann’s re-
view,32 or as a 2D system with ns = 2 (a single bilayer)
where it is found that λ2DHAS = 0.40,
12 in fair agreement
with a recent ab-initio calculation by Ortigoza et al. for
Bi(111)34 which yielded λ = 0.45, just as found here
for Bi(114). As seen in Figure 2c), the DW exponent
has about the same slope for Bi(111) and Bi(114), when
it is divided by k2iz , in order to account for the differ-
ent incident energy used in HAS experiments. The fact
that λ
(1D)
HAS [Bi(114)] < λ
(3D)
HAS [Bi(111)] reflects the di-
mensionality effect of γd, in the prefactor of Eq. (2). In-
cidentally, we note that treating Bi(114) as a 2D system
would yield a five times smaller, probably unphysical,
value for λHAS due to the large surface unit cell area.
Layered chalcogenides, such as 2D topological mate-
rials, with strong intralayer and weak interlayer forces
form a wide class of quasi-2D materials with a con-
ducting surface. Some transition-metal dichalcogenides
(TMDC) have been investigated with HAS since the
late eighties in connection with CDW transitions, re-
lated Kohn anomalies in the bulk, and surface phonon
dispersion curves.35–40 More recently, HAS studies have
been extended to the surface of other TMDCs like 2H-
MoS2(0001)
41 and 1T-PtTe2,
42 as well as to pnictogen
chalcogenides with surface topological electronic bands
at the Fermi level, like Bi2Te3,
14,43,44 Bi2Se3,
15,45 etc.
The 2D expression for the e-ph coupling constant λ
(2D)
HAS
in Eq. (3) is the one to be used for these systems. When
dealing with the e-ph coupling constant λHAS expressed
as an average over the whole phonon spectrum and over
all electronic transitions across the Fermi level, natural
questions are: a) which phonons contribute most, and
b) which electronic states at the Fermi level are more
important.
The theoretical analysis by Heid et al.49 of the mode-
selected e-ph coupling constants λQν shows that in pnic-
togen chalcogenides, optical phonons give the major
contribution to e-ph interaction, and therefore to the
DW exponent. Both Bi2Se3(111)
15 and Bi2Te3(111)
44
exhibit two highly dispersed optical branches with deep
minima at Γ for 3rd-layer longitudinal polarization and
at ≈ΓM/2 for (mostly) 3rd-layer shear-vertical (SV3)
polarisation. Their optical character and largest am-
plitude at the central chalcogen layer of the quintuple
layer endow these modes with a dipolar character and
therefore a large e-ph interaction, consistent with the
Heid et al. theoretical analysis.49 Spin-echo 3He scat-
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Figure 3: Three different Bi chalcogenides Bi2Se3, Bi2Te3 and Bi2Te2Se. Top panels: ARPES data for the (111)
surface of three Bi chalcogenides with decreasing binding energy of the Dirac point (D) and of the surface conduction-
band minimum (from 0.15 eV in Bi2Se3
46a to 0.08 eV in Bi2Te3
47b, and ≈ 0 in Bi2Te2Se48c). Bottom panel, the
DW exponent slopes from HAS specular intensity measured as functions of temperature with the scattering plane in
the ΓM direction for the same samples. The corresponding e-ph coupling constants λHAS decrease from Bi2Se3(111)
to Bi2Te2Se(111), suggesting a dominant role in the e-ph interaction of the conduction band quantum-well electronic
states over the Dirac electrons.
ahttps://arxiv.org/abs/1206.1563
bhttps://arxiv.org/abs/1403.3050
chttps://doi.org/10.1021/nl501489m, reproduced with permission, copyright 2014 by the American Chemical Society.
tering data from Bi2Te3(111)
44 suggest a Kohn anomaly
also in the longitudinal acoustic branch corresponding
to a nesting across the Dirac cone above the surface
conduction-band minimum. As discussed in,49 the in-
terband e-ph coupling occurring when the Fermi level
is above the surface conduction-band minimum is en-
hanced largely by the involvement of surface quantum-
well states. This conclusion is confirmed by the follow-
ing analysis of λ
(2D)
HAS in Bi chalcogenides as a function
of the Fermi level position.
The temperature dependence of HAS reflectivity
from the three Bi chalcogenide surfaces Bi2Se3(111),
Bi2Te3(111), and Bi2Te3−xSex(111) (phase II with
x ≈ 159,∗, hereafter approximated by Bi2Te2Se(111))
has been measured for three samples whose surface
electronic states near the Fermi level, in particular
the topological Dirac states and the quantum-well
states above the surface conduction-band minimum, are
known from angle-resolved photoemission spectroscopy
(ARPES) data.46–48,52 As seen in Figure 3 (top panel),
∗According to the surface lattice constant a = 4.31 A˚ as deter-
mined by HAS and Fig. 1(b) of,59 x ≈ 1 for the present sample.
the binding energy of the Dirac point (D) with re-
spect to the Fermi energy EF decreases in the sequence
Bi2Se3(111), Bi2Te3(111), Bi2Te2Se(111), as does the
surface conduction-band minimum (from 0.15 eV, to
0.08 eV and ≈ 0, respectively). Correspondingly, the
DW exponent slope derived from the HAS specular in-
tensity as a function of temperature also decreases. Sim-
ilar behavior is expected for the e-ph coupling constant
λ
(2D)
HAS , which is shown in Table 1. The latter is de-
rived from Eq. (3) by setting nsat = 2λTF /c0, where
c0 is the quintuple layer (QL) thickness and λTF is the
Thomas-Fermi screening length, accounting for the sur-
face band-bending extension in degenerate semiconduc-
tors and semimetals.60 The factor 2 in the above expres-
sion of nsat accounts for the fact that each QL contains
two metal (Bi) layers. Note that the Fermi-level density
of states includes the factor 2 for spin multiplicity, and
this is appropriate for the quantum-well states above
the surface conduction-band minimum that mostly con-
tribute to λ
(2D)
HAS . On the other hand, no factor of 2
in nsat is necessary when only the Dirac states are in-
volved, due to their multiplicity of 1. The uncertainties
5
Table 1: Input data for the calculation from the HAS DW exponent, and results for the e-ph coupling
constant λ
(2D)
HAS (with a relative uncertainty of about 10%) and comparison with values from other
sources.
Surface k2iz φ λTF Ac c0 D λ
(2D)
HAS λ
[A˚
−2
] [eV] [A˚] [A˚
2
] [A˚] [meV] (other Refs)
0.1750
Bi2Se3(111) 10.1
15 4.951 ≈ 6052 14.92 9.60 6.5453 0.23 0.2554
0.2655
Bi2Te3(111) 9.9
14 4.951 ≈ 10056 16.46 10.16 6.2257 0.19 0.1950
Bi2Te2Se(111) 10.71
(a) 4.951 ≈ 10058 16.09 10.0 6.4(b) 0.08 0.1250
(a) This work
(b) Average over Bi2Se3(111) and Bi2Te3(111)
(±) given for λHAS in the following are based on the
confidence bounds of the DW slope. Other sources in
terms of the uncertainty are Ac, φ and λTF with the
largest contribution likely to be due to λTF . Taken to-
gether it is safe to assume a relative uncertainty of about
10% for λHAS as shown in Table 1.
With the input data collected in Table 1 and the DW
exponent slopes displayed in Figure 3 (bottom panel),
it is found that λ
(2D)
HAS = 0.23 ± 0.01 for Bi2Se3(111),
0.19 ± 0.01 for Bi2Te3(111), and 0.080 ± 0.004 for
Bi2Te2Se(111), in good agreement with selected results
from other sources (Table 1, last column). This clearly
indicates the dominant role of surface quantum well
(QW) states over the modest contribution of Dirac elec-
trons. The enhancement effect of QW states and related
interband transitions has been investigated thoroughly
by Chen et al.50 with high resolution ARPES for the
family Bi2Te3−xSex(111) (0 ≤ x ≤ 3), including n-
type Bi2Te3(111), and theoretically for Bi2Se3(111) and
Bi2Te3(111) by Heid et al.
49 As shown by Pan et al.,61
in accurate ARPES studies on bulk Bi2Se3(111) sam-
ples, where only Dirac topological states are involved
because the Fermi level is less than 0.3 eV above the
Dirac point, the e-ph coupling constant turns out to be
quite small, ranging from 0.076±0.007 to 0.088±0.009,
similar to that found with HAS in Bi2Te2Se(111) under
similar conditions.
Since the surface QW states extend into the bulk on
the order of λTF , i.e., much longer than the penetration
of surface Dirac states, it is interesting to compare the
above results for λ
(2D)
HAS with the corresponding values of
λ
(3D)
HAS when these materials are treated as 3D materials.
The ratio λ
(3D)
HAS/λ
(2D)
HAS = pi/(kFλTF ), with kF ≃ 0.1
A˚
−1
[Figure 3 (top)] and λTF representing the 3DEG
thickness, turns out to be ≃ 1.
Unlike Bi(114), where the quasi-1D character of
the electron gas is quite evident, in layered pnicto-
gen chalcogenides the considerable penetration of the
QW states gives λ
(2D)
HAS ≃ λ(3D)HAS . This is consistent
with the fact that the QW states are the surface states
which provide the major contribution to the e-ph in-
teraction. Information about which phonons contribute
most to λ can also be obtained from inelastic HAS
intensities, as explained in the introduction. The Kohn
anomalies reported in the lower part of the phonon
spectrum43–45 are indicative of a strong e-ph coupling
for specific wavevectors and frequencies, though it has
been predicted that the major contribution in these
materials comes from polar optical modes.49 Indeed
this is in agreement with recent HAS measurements of
the phonon dispersion curves in Bi2Se3(111),
15 which
indicate the longitudinal optical branch L3 (with the
largest displacement on the 3rd (Se) atomic plane) as
the one having the largest mode-selective e-ph coupling.
In conclusion, it has been shown that the temperature
dependence of HAS reflectivity allows for the determi-
nation of the electron-phonon coupling constant of topo-
logical semimetal surfaces. In the case of the quasi-1D
Bi(114) surface, the DW factor from the CDW diffrac-
tion peak yields an e-ph coupling constant λ
(1D)
HAS con-
sistent with that derived from the reflectivity. There-
fore the e-ph interaction acts as the driving mechanism
for the observed multi-valley CDW transition. In the
absence of spin-orbit coupling, the phonon angular mo-
mentum cannot convert into an electron spin-flip, so no
good nesting would be allowed across the Dirac cone,
and only the strong spin-orbit coupling occurring in
topological materials allows for a comparatively weak e-
ph intra-cone interaction. The multi-valley mechanism
at the zone boundary overcomes the nesting problem,
because with more Dirac cones separated by less than a
G vector, there is always a good inter-cone (i.e., multi-
6
valley) nesting, even for opposite chiralities. Such a fa-
vorable circumstance, allowing for a substantial λ
(1D)
HAS in
Bi(114) and a CDW transition, does not occur in pnicto-
gen chalcogenides, due to the single Dirac cone location
at the center of the BZ. Most of their appreciable e-ph
interaction is provided by the QW states, as long as
they are located at the Fermi level. The present exten-
sion of HAS λ-analysis from metal surfaces9,10 and thin
metal films11 to topological semimetal surfaces qualifies
He atom scattering as a universal tool for the measure-
ment of electron-phonon coupling in conducting low-
dimensional systems.
Experimental Methods
The experimental data of this work was obtained at
the HAS apparatus in Graz62 and the 3He spin-echo
scattering apparatus in Cambridge.19 In both cases the
scattered intensity of a nearly monochromatic He beam
in the range of 8 − 15 meV is monitored as a func-
tion of incident angle ϑi and at various surface temper-
atures. The DW measurement of Bi2Te3 can be found
in14 while the DW data of Bi2Se3 is reported in Ref.
15
Most of the Bi(114) data has been published in the work
of Hofmann et al.,13 whereas the Bi2Te2Se experimental
data is presented here for the first time.
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